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Abstract
The Centers for Disease Control and Prevention (2017) recognizes the staggering rates of obesity
affecting children and adolescents in the United States. Children with autism spectrum disorder
(ASD) have a higher risk of obesity than neurotypical children (Kahathuduwa et al., 2019). The
CDC (2017) acknowledges the lack of physical activity as a major factor leading to obesity. This
investigation aims to determine the effectiveness of a reinforcer in increasing the levels of
physical activity in children diagnosed with ASD. A subsequent aim is to address a measurement
limitation identified in Knerr (2020) by using both an observation recording system as well as
pedometer data. For two participants, physical activity was measured in five conditions:
interactive play, attention, escape, ignore, and control. A multi-element functional analysis (FA)
embedded within a reversal design was used to increase levels of physical activity during typical
playground time. For one of the participants, an interactive play function was found, and a
successful treatment was implemented and generalized to the participant’s therapist. For the
second participant, an automatic function was strongly indicated and further confirmed by a set
of ignore conditions. This study also attempted to address the measurement limitations of Knerr
(2020) by identifying incongruencies between the utilized methods of measurement.

FUNCTIONAL ANALYSIS OF PHYSICAL ACTIVITY

5

A Functional Analysis of Physical Activity in Children with Autism Spectrum Disorder
Increasing rates of obesity have become a substantial concern for individuals across the
United States. The prevalence of obesity in children and adolescents reached a staggering 18.5%
in 2016, affecting an estimate of 13.7 million children (Centers for Disease Control and
Prevention [CDC], 2017). Children with autism spectrum disorder (ASD) have a 41.1% higher
risk of obesity than neurotypical children, who have a prevalence of 22.2% (Kahathuduwa et al.,
2019). This increased prevalence is concerning, given the correlation between obesity and
numerous health conditions, such as diabetes and cancer (CDC, 2017), that can trigger a
premature death (World Health Organization, 2010). Increased awareness of the factors that lead
to obesity is fundamental in the ongoing efforts to effectively reduce it. The CDC (2017)
emphasizes two major factors related to obesity: eating habits and physical activity. As a result
of engaging in physical activity, children tend to improve their attention, academic performance,
bone health, and reduce the risk of depression. The daily recommendations for physical activity
in children range from at least 90 to 120 min (CDC, 2017). Despite this, physical activity in
neurotypical children averages approximately 16 min per day (Barbosa et al., 2016). Thus, it is
likely that children with ASD, like their neurotypical peers, engage in a meaningfully lower
amount of physical activity than recommended.
Previous research involving ASD and physical activity has primarily focused on
increasing physical activity to decrease problem behavior. A systematic review of 18 studies
conducted by Lang et al. (2010) reported that individuals with ASD who engaged in physical
activity demonstrated a decrease in behaviors such as stereotypy, aggression, and elopement.
Several studies have investigated physical activity as a dependent variable in its own right. For
example, Pan and Frey (2006) measured physical activity in a group of students with ASD using
accelerometers. After examining physical activity patterns, which indicated low levels of
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physical activity overall, the authors concluded that extracurricular physical activity options
should be increased for students with ASD. Other studies have investigated the contextual
conditions that influence physical activity by collecting data via direct observation during
outdoor play periods (e.g., Brown et al., 2009). For example, Brown et al. (2009) concluded that
the lack of encouragement and interaction by adults with children resulted in low levels of
physical activity. The aforementioned studies provide useful initial evidence of factors that may
be causally related to levels of physical activity. However, experimental evaluations, such as
conducting a function-based intervention, could provide a more effective approach for
identifying the conditions that influence the levels of physical activity in children with ASD.
Currently, the gold standard method for identifying the function of behavior is the
functional analysis (FA; Beavers et al., 2013) developed by Iwata et al. (1994). Functional
analyses identify the contingencies that maintain behavior, and thereby assist in selecting a
treatment that will produce effective results (Hanley et al., 2003). Larson et al. (2013) conducted
the first FA to identify the function of physical activity. The authors assessed moderate-tovigorous physical activity (MVPA) for neurotypical children during four different test
conditions. These conditions were compared to a control condition in a multielement design,
which was embedded within an ABA reversal design (in which the A condition was a naturalistic
baseline and the B condition was the FA). The experimenters concluded that the participants
engaged in higher rates of physical activity during the attention and interactive play conditions
when reinforcement was provided contingent on MVPA. Larson et al. (2014) replicated and
expanded on Larson et al.’s (2013) approach by adding an additional treatment phase following
the second baseline (i.e., an ABAB reversal design). Results of this study indicated that
participants engaged in the most activity during the interactive play condition.
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Unlike much of the FA literature, in which the purpose of the analysis is to identify the
function of problem behavior, the FAs in both Larson et al. (2013) and Larson et al. (2014) were
used to identify the function of an appropriate behavior (i.e., physical activity). The use of the
term “functional analysis” to describe methods for identifying the function of appropriate
behavior is not exclusive to the physical activity literature. For example, Schietz et al. (2010)
conducted two analyses, both referred to as FAs, one for problem behavior and another for
appropriate behavior. Some distinctions between this approach and the “standard FA” (i.e., FA
of problem behavior) are worth noting. When seeking to identify the function of problem
behavior, the test condition consists of reinforcing problem behavior and placing other behaviors
on extinction. In the treatment phase, this contingency is typically reversed (e.g., the problem
behavior is placed under extinction and other behaviors are reinforced) or abolished (in the case
of noncontingent reinforcement interventions). When conducting an FA of appropriate behavior,
the contingency in effect during the condition that is identified as the maintaining reinforcer is
typically used as a treatment.
In an unpublished thesis, Knerr (2020) extended the findings of Larson et al. (2014) by
attempting to increase the levels of physical activity in two children with intellectual and
developmental disabilities. An effective intervention was identified for one of the two
participants, and the intervention was successfully generalized to the participant's teacher. This
investigation provides promising evidence that functional analyses for physical activity are
effective for both neurotypical children and children with intellectual and developmental
disabilities. Even though this investigation provided promising results, one limitation
acknowledged by Knerr (2020) was a possible measurement error. Rather than the observational
measurement system employed by Larson et al. (2013, 2014), Knerr (2020) used pedometers to
measure physical activity (i.e., number of steps emitted by the participants). Though reliability
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tests indicated that the pedometers generally corresponded with observed physical activity, the
author noted that the mechanical measurement system made it difficult to compare these data to
Larson et al.’s effects. Thus, further assessment of functional analysis of physical activity in
individuals with developmental disabilities with the use of a reliable measurement method is
invited.
Interestingly, the functional analysis results for both participants of Knerr (2020)
indicated that physical activity was automatically reinforced. This finding stands in contrast to
previous literature regarding physical activity in neurotypical children, which exclusively
indicates attention or interaction functions. A possible explanation for this may be the similarity
between repetitive motor movements commonly observed during physical activity (e.g.,
swinging, playing on a seesaw, etc.) and response classes of repetitive movements that are
commonly observed in individuals with ASD (i.e., motor stereotypy). In individuals with ASD,
stereotypic movements are typically maintained by automatic reinforcement (Rapp & Vollmer,
2005). Thus, physical activity, if it involves repetition, may also be automatically maintained.
When aiming to substitute one behavior (e.g., stereotypy) for another (e.g., MVPA) the goal is to
create a matched stimulation for the behavior. Thus, engaging in MVPA involving repetitive
movements could result in a matching reinforcer to engaging in stereotypy for the individual.
Regardless of the environmental conditions identified in these studies, there is a lack of research
regarding the function of physical activity in children with ASD that warrants further
investigation.
The purpose of the proposed study was to conduct a replication and extension of Knerr
(2020) with children diagnosed with ASD and also engage in stereotypy. Furthermore, this study
addressed the measurement limitation in Knerr (2020) by using direct observation consistent
with Larson et al. (2013, 2014) while simultaneously collecting pedometer data. This allowed
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assessment of correspondence between both measurement methods. The functional analysis
included five conditions: interactive play, attention, escape, ignore, and control, as originally
assessed by Larson et al., (2014). This functional analysis was intended to identify the
effectiveness of a reinforcer in increasing the levels of physical activity in children with ASD
and known to engage in stereotypy. The broader aim of this research was to contribute to the
overall goal of reducing the risk and health problems associated with obesity within this
vulnerable population.
Method
Participants and Setting
The study was conducted with two children who received services at a local Applied
Behavior Analysis clinic. Kevin was a 6-year-old male diagnosed with ASD who engaged in
vocal stereotypy, as reported by his clinician. He communicated verbally using full sentences
and had no reported motor impairments. Susie was a 3-year-old female, also diagnosed with
ASD, who engaged in motor stereotypy in the form of hand flapping, as reported by her
clinician. Susie’s verbal repertoire was limited; she did not use full sentences. A third participant
was selected but was ultimately unable to participate in the study due to the fact that he
concluded services with the clinic after parental consent was obtained.
All sessions were conducted at the nearest playground to the clinic. The playground was
a fenced-in area with climbing and sliding structures. The playground equipment included an
area for climbing (i.e., 1-4 ft climbing towers and a 3 ft climbing wall), four slides, eight swings,
and monkey bars. Sessions were conducted during the participants’ regularly scheduled therapy
hours.
Materials
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Two benches and a table were on the playground during all sessions for the researcher
and participant to use during the control condition. Outdoor toys used by the clinic were
available, as well as indoor activities provided by the experimenter (e.g., puzzles, blocks,
coloring). A stopwatch was used to time the duration of conditions, reinforcement, and
consequences. A 3DTriSport Pedometer, identical to the model used by Knerr (2020), was used
as a secondary measure of physical activity. A digital camera was used to record and score all
sessions.
Response Measurement and Reliability
To score the activity levels of each participant during baseline and all experimental
conditions, experimenters adapted an observational method similar to the one developed by
Larson et al. (2014). MVPA was operationally defined as moderately moving from one place to
another (e.g., walking at a normal speed, jumping, climbing), walking at a very fast pace, or
running. As in Larson et al. (2014) the participants were reinforced contingent upon MVPA to
comply with the physical activity recommendations provided by the CDC (2013). MVPA was
recorded using a duration measure (the amount of time the participant engaged in MVPA during
each session was recorded). This was reported as percent of each session in which the participant
engaged in MVPA. Data were recorded using Countee (Peic & Hernandez, 2015), a mobile app
used to score behavioral data.
Pedometers were used as a secondary measurement method, with pedometer procedures
implemented identically to Knerr (2020). Pedometers were attached to the participant’s shoe
prior to the start of each session. The experimenter reset the pedometer to zero steps at the
beginning of each session and recorded the total number of steps at the end of each session.
Interobserver agreement (IOA) data were collected by a trained second observer who
independently scored the recorded videos. Data collection training consisted of explaining the
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operational definition to the second observer and having them score mock videos of children
engaging in physical activity until a score of at least 90% agreement with the experimenter was
obtained. IOA was collected for 33% of each phase for each participant. To calculate IOA, a
proportional agreement method was used (the smaller frequency divided by the larger frequency,
added across sessions and divided by the total number of sessions). For Kevin, IOA averaged
90.01% (range: 80-100%). For Susie, IOA averaged 90.04% (range: 74-100%).
To assess reliability of the implementation of experimental conditions, procedural
integrity was assessed for 33% of the sessions of each participant. Procedural integrity was
97.07% (range: 83.3-100%) for Kevin and 95.8% (range: 83.3-100%) for Susie. During the
therapist intervention probe, in which the treatment was implemented by Kevin’s therapist,
procedural integrity was 75%.
Procedure
The study was conducted using a multielement design embedded within a reversal
design. Preference assessments were conducted before starting the experiment to determine the
toys used during the control condition of the functional analysis. A naturalistic baseline condition
was conducted initially to collect data on the activity levels of the participants during playground
hours. Sessions lasted 5 min and were conducted 4 to 8 times per day, 2 to 3 days per week,
similar to Larson et al. (2014). To demonstrate experimental control, the reversal design
consisted first of implementing the naturalistic baseline condition, followed by the multielement
FA, then returning to the baseline condition, and lastly the implementation of the experimental
condition that resulted in the highest levels of physical activity during the FA. A therapist
treatment probe was implemented for Kevin to assess generalization of the intervention with the
participant’s therapist.
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The experimenter started each session by asking the participant if they would like to play.
If the participant did not assent or did not engage in play (e.g., direct themselves to the playing
structures), the session was not conducted. A minimum of two adults were present to help ensure
the participant’s safety, but they were asked not to interact with the participant. If the participant
were to have engaged in an unsafe behavior, any adult present would have intervened, and the
session would have been terminated (though this did not occur).
Preference Assessment
A series of multiple stimulus without replacement preference assessments (MSWO;
DeLeon & Iwata, 1996) were conducted prior to the FA. This assessment was used to select toys
for the control condition. For each participant, preference assessments were conducted five times
due to fluctuations in preferred items (as discussed in the results section). Each preference
assessment included five items based on the parent and/or clinician’s suggestions. Before the
start of the assessment, a sampling period was conducted in which the participant received 30 s
of access to each item. Then, the items were removed and the preference assessment proper
began. The experimenter placed all of the items in front of the participant (in a semi-circle shape
with the inside facing the participant) and instructed the participant to “pick one.” After the
participant selected an item, the experimenter rearranged the order of the remaining items (in the
same semi-circle shape) while the participant obtained 30 s of access to the selected item. The
item previously selected was then removed from the participant by saying “my turn,” and was
removed from the remaining array of items. This process was repeated until only one item
remained. Attempts to select more than one item were blocked and failure to select an item
within the first 30 s resulted in the end of the assessment.
To calculate an overall index of preference for both participants, percent selected was
calculated across MSWOs for each item in the preference assessment was calculated by dividing
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the number of times the item was selected over the number of times that the item was available.
The percentage obtained for each item was ranked from high to low, indicating the most and
least preferred items.
Naturalistic Baseline
The purpose of this condition was to assess the levels of physical activity that the
participant engaged in before an intervention was implemented. The naturalistic baseline
condition consisted of recording the participant during their typical playground time without any
researcher interaction. The participants engaged in the typical playtime routines at the
playground (e.g., running, climbing, swinging). The researcher walked around the area while
appearing to be occupied with paperwork. Consequences were not delivered contingent on
physical activity.
Functional Analysis of Physical Activity
After conducting the naturalistic baseline, the intervention consisted of implementing FA
conditions similar to those reported by Larson et al. (2014), in the following sequence:
interactive play, attention, escape, ignore, and control. To facilitate discrimination between
conditions, the experimenter started each condition at a different part of the playground. If the
participant attempted to leave the playground area, the experimenter guided them back to the
area. Sessions were conducted until a function of MVPA was identified, as assessed by visual
analysis.
Interactive Play. The purpose of this condition was to observe the effects of positive
reinforcement in the form of adult engagement on the levels of physical activity of the
participants. Similar to the study conducted by Larson et al. (2014), to start the condition the
experimenter told the participant “if you jump, run, or climb I will go and play with you, but if
you don’t, I have to work.” The experimenter also engaged in physical activity as reinforcement,
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as long as the participant was engaging in MVPA. If the participant stopped engaging in MVPA,
the experimenter left the play area and appeared to engage in work (i.e., avoided interacting with
the participant). To control for attention across conditions, an FT 30-s schedule of attention was
implemented in this condition.
Attention. During this condition, the experimenters measured the effects of social
reinforcement in the form of adult attention provided contingent upon physical activity. As in the
aforementioned condition, this condition also began with the experimenter informing the
participant, “if you jump, run, or climb I will watch you and also talk with you, but if you don’t,
I have to work.” The experimenter delivered praise and made eye contact on a FT 10-s schedule,
when the participant engaged in MVPA. When the participant was not engaging in MVPA, the
experimenter turned away, avoided eye contact, and appeared to be busy.
Escape. The purpose of this condition was to assess if physical activity was sensitive to
negative reinforcement in the form of escape from demands. Demands were selected in
collaboration with the participant’s therapy team. For Kevin, tracing letters and numbers was
selected and identifying letters and numbers was selected for Susie. The experimenter told the
participant “let’s do [demand]! If you do not want to, you can jump, run, or climb. If you stop
jumping, running, or climbing we’ll do [demand].” For example, the experimenter followed the
participant asking her to identify the correct letter or number (e.g., “Show me ‘E’”). If the
participant engaged in MVPA, the experimenter would cease all demands and turn away from
the participant. If the participant did not engage in MVPA, the experimenter would continue to
present demands until the participant engaged in physical activity or the condition terminated. If
the child did not respond correctly to the demand or did not respond the second time that the
experimenter asked, verbal prompting was used to deliver the correct answer.
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Ignore. This condition was implemented to assess whether or not engaging in physical
activity was maintained by automatic reinforcement. The experimenter told the participant “I am
going to do some work, but you can stay here and play.” The experimenter covertly observed the
participant from a far distance. The clinician also observed the participant from the playground.
If the participant tried to leave the playground, the adult present would redirect them to the area.
No attention or other programmed consequences were delivered contingent upon MVPA during
this condition.
Control. The purpose of this condition was to determine the influence of different
variables in the aforementioned conditions. Similar to the experiment conducted by Larson et al.
(2014), the experimenter delivered the preferred toy identified in the preference assessment, told
the participant “Let’s play,” and they sat at a table inside the playground. Attention in the form
of praise was delivered every 30 s. The experimenter did not provide prompts for playing with
the toy or provide consequences for engaging in physical activity.
Extended Ignore. After running four series of conditions, the experimenters suspected
an automatic function for Susie. The experimenters ran an extended ignore phase consisting of
three sessions, to assess if MVPA was in fact maintained by automatic reinforcement. Similar to
the ignore condition, the participant was told, “I am going to do some work, but you can stay
here and play.” The experimenter covertly observed the participant from a distance. The clinician
also observed the participant from the playground. If the participant tried to leave the
playground, the adult present would redirect them to the area. No attention or other programmed
consequences were delivered contingent upon MVPA during this condition.
Intervention Analysis
For Kevin, after the aforementioned conditions were implemented, a second naturalistic
baseline was conducted, following the procedure of Knerr (2020). Then, the FA condition in
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which the highest level of physical activity was recorded was re-implemented during Kevin’s
playground time. The participant’s therapist was present during the implementation of all
sessions of this condition and observed the process. The therapist then implemented the same
condition with the participant during playground time with the purpose of assessing
generalization. An intervention analysis was precluded for Susie due to time constraints.
Results
Figure 1 summarizes the results of the MSWO preference assessments obtained from
both participants. For each participant, a series of five preference assessments were conducted
prior to the study proper due to fluctuations in preferred items across assessments. The data in
Figure 1 represent overall percent selected for each participant across assessments. For Kevin,
the two highest preferred toys across the five preference assessments were the puzzle (selected in
73.3% of trials), followed by slime (55%). Kevin’s least preferred item was clay (selected in
21% of trials). For Susie, the two highest preferred items were color pom poms (56.7%),
followed by color sticks (55.7%) selected, and the least preferred item was phone (22.6%). For
Susie, the experimenters conducted five more preference assessments due to MVPA observed
during the control condition of the first series of conditions. Results depicted the same highpreferred item observed during the first preference assessment (i.e., pom poms with 56.7% of
times selected). Following these results, the experimenters continued using pom poms as the
high-preferred item and MVPA remained at zero levels during the next control conditions.
Figure 2 summarizes the results of the functional analysis and intervention analysis for
Kevin and Susie in the top and bottom panels of the figure, respectively. Kevin’s baseline levels
of MVPA averaged 40% of the session. During the subsequent FA phase, MVPA exhibited an
increasing trend in the interactive play condition, resulting in Kevin engaging in MVPA for
slightly more than half of each session. The control condition resulted in zero levels of MVPA
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(i.e., no instances of MVPA were observed). The other test conditions (attention, escape, ignore)
resulted in moderately low (i.e., approximately 27.6% of session) levels of MVPA. This
indicates that, consistent with prior investigations of physical activity with neurotypical children
(Larson et al., 2013; Larson et al., 2014), physical activity was maintained by interactive play for
this participant. Despite this, MVPA maintained by an automatic function cannot be ruled out
due to the rest of the conditions (attention, escape, ignore) observed at a higher level than the
control condition. The interactive play condition was implemented as treatment due to its
differentiation from all the conditions (attention, escape, ignore, control), as observed in Figure
2.
During the second naturalistic baseline, Kevin’s levels of physical activity decreased to
approximately 23% of session. Because interactive play resulted in the highest levels of
engagement in physical activity for Kevin, this condition was re-implemented after the second
baseline, followed by a therapist intervention probe. Levels of MVPA observed when interactive
play was implemented as an intervention were comparable to the levels observed during the FA.
During the therapist intervention probe, however, the levels of physical activity did not remain as
high as the previous phase, with approximately 31% of session engagement in physical activity.
A variable that could have contributed to this discrepancy is treatment implementation by the
therapist. During this intervention probe in which the treatment was implemented by Kevin’s
therapist, procedural integrity was 75%. This could be interpreted as low procedural integrity
relative to the typical level of procedural integrity for this participant in the rest of the study,
which averaged 95.8%.
Susie’s levels of MVPA across sessions are displayed on Figure 2. In baseline, Susie
engaged in MVPA for an average of 33% of session across three sessions. During the FA, an
undifferentiated pattern was observed for all conditions except for the control condition. Because
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the test conditions were undifferentiated, but low levels of MVPA were observed in the control,
an automatic function was hypothesized. So, three ignore sessions, conducted in a single block,
were conducted to assess for an automatic function. An increasing trend was observed during the
extended ignore sessions, indicating that MVPA was likely maintained by automatic
reinforcement. Thus, the results for this participant appear to be consistent with Knerr’s (2020)
functional analysis of physical activity with ASD participants.
Figure 3 shows pedometer data for Kevin and Susie displayed in steps per minute. For
Kevin, unlike the MVPA graph (see the top panel Figure 1) which indicated an interactive play
function, clear differentiation of the attention condition, relative to the other conditions, was
observed with the pedometer data. Although high levels of steps per minute were observed
across treatment sessions, the attention condition implemented during the FA resulted in the
highest rate of steps, relative to any other condition. Similar to the MVPA graph, the pedometer
data indicate low levels of physical activity during the control condition of the FA.
For Susie, the results obtained from measuring steps per minute via the pedometer were
generally consistent with the results obtained from measuring MVPA observationally. Both
methods indicated an automatic function of physical activity, due to the undifferentiated test
conditions and the increasing trend during the three sessions of the extended ignore condition.
Near-zero levels of steps per minute were observed during the control condition of the FA.
Discussion
The present study replicated Knerr (2020) and Larson et al. (2013, 2014) by measuring
physical activity in multiple conditions. Furthermore, Knerr’s investigation of physical activity
functional analysis procedures with children that have ASD was continued in the present study
but focusing on children that engage in stereotypy with the goal of further investigating the
automatic function of physical activity. This goal was in part achieved in the present study in
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which one of the two participants’ data indicate an automatic function and for the other
participant, although a social function was identified, automatic reinforcement is suspected to
also have contributed to some level of physical activity, due to the rest of the conditions
(attention, escape, ignore) observed at a higher level than the control condition. Additionally, the
primary measurement limitation of Knerr (2020) was addressed. Data were simultaneously
recorded using a direct observation method adapted from Larson et al. (2014) and collecting
pedometer data as used in Knerr’s (2020) study, thus allowing for assessment of correspondence
between the two methods.
Results indicated a social function of MVPA for Kevin. These results corroborate the
demonstrated function of MVPA in Larson et al. (2013, 2014). However, this is the first study to
demonstrate a social function of MVPA within the ASD population. Although the levels of
MVPA in the interactive play treatment condition of Larson et al. (2014) fluctuated across
participants, MVPA in the interactive play condition remained relatively high (e.g., 80%),
compared to the other conditions. Similar to these results, the levels of MVPA for Kevin during
the treatment condition were high, especially when compared to a second baseline condition.
These findings provide further evidence that adult interaction in the form of interactive play may
act as an effective reinforcer to serve as an intervention to increase MVPA among some
sedentary children, specifically those with ASD.
In contrast with previously published literature, but consistent with Knerr’s (2020) initial
investigation, an automatic function was identified for Susie. As previously stated, the
participant was known to engage in motor stereotypy. As discussed in the introduction, we
hypothesized that an automatic function of physical activity could be, in part, due to the
similarity between some repetitive motor movements observed during typical physical activity
and response classes of repetitive movements (i.e., motor stereotypy). For example, in Knerr’s
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(2020) study, for one of the participants an automatic function was correlated with repetitive
movements due to the MVPA levels being tied to time spent swinging. However, for Susie,
repetitive movements that met the operational definition of MVPA were not consistently
observed. Based on informal observation, Susie engaged in frequent pacing, specifically around
the playground structures, and she also engaged in hand flapping while pacing or walking. Thus,
although anecdotally Susie did engage in motor stereotypy, such movements did not “count” as
MVPA due to low level of intensity. Instead, Susie’s MVPA anecdotally consisted of climbing,
running, and walking up the slides. So, unlike Knerr (2020), this participant did not engage in a
predominant repetitive topography of MVPA, therefore further evaluation of the degree to which
repetitive movement contributes to automatically reinforced MVPA is warranted.
Comparing the present results to Knerr (2020) raises questions about the validity of the
pedometer data. For one of the two participants in the present study, if conclusions regarding the
function of physical activity were made based on the pedometer data (as in Knerr, 2020), this
would indicate a different function (i.e., attention), relative to observational measures of physical
activity (i.e., interactive play). For Susie, the pedometer data were consistent with the results
obtained from the observational recording data, as they both displayed undifferentiated
conditions indicating an automatic function. Knerr (2020) hypothesized that the pedometer had
some degree of measurement error. For example, the pedometer could have missed some of the
small steps taken by one of the participants or could have overcounted the steps when the
participants were sitting during the control condition. As previously mentioned, some behaviors
(e.g., swinging) can increase the amount of steps measured by the pedometer without necessarily
counting towards physical activity. In other words, the pedometer could be capturing behavior
change that does not meet the criteria for MVPA. Although it is uncertain if this is the case for
this study, as sensitivity of the pedometer in different activities was not assessed, the fact that the
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pedometer data were not reliable with the observational data further supports this argument.
Knowing this, it is reasonable to assume that the more accurate method employed in the present
study is the observational data, as the reliability of this data is confirmed through the use of IOA.
The incongruence between both methods could give us information about the pedometers not
being a reliable measurement method for use in future studies.
A potential limitation of the present study could be that the naturalistic setting in which
the study was conducted introduced extraneous, possibly confounding, variables such as the
presence of other peers, external noises (i.e., sound of a nearby train), or the presence of adults
that were not typically present during the participant’s sessions at the clinic. It is unclear whether
or not similar extraneous variables were in effect in previous studies (i.e., Larson et al., 2014;
Knerr, 2020). This is specifically a potential limitation for one of the participants (Susie), due to
concerns that this participant’s physical activity decreased concurrently with the occurrence of
loud external noises (e.g., a train passing near, a harvester cutting down trees, trucks).
Anecdotally, this participant was observed to cover their ears and reduce physical activity at the
same time that the external noises occurred, though no systematic data were collected on this.
Future studies could conduct the FA in a playground with more environmental control where the
presence of peers, other adults, or external noises could be controlled.
In comparing this study to prior investigations, one question is regarding the magnitude
of the behavior change resulting from the contingencies for physical activity arranged in the
experimental conditions. For both participants in the present study, physical activity was at
similar levels between baseline and FA phases. Despite this, a function was identified for each
participant. In Knerr (2020), one of the participants (Molly), for which a social function was
identified, also engaged in similar physical activity levels between baseline and the FA phase.
For Knerr’s (2020) other participant (Jean), similar to the participants in Larson et al. [(2013,
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2014), Ann, Jayne, Grace, Greta, Vivien, and Humphrey], a substantial increase in physical
activity from baseline to the FA phase (and subsequent treatment condition) was identified. For
the aforementioned participants, with the exception of Molly, this increase of physical activity
could be attributed to them not being physically active to begin with. Conversely, as the
participants of this study did not increase physical activity levels significantly above baseline in
any of the assessed conditions, it could be argued that their levels of activity were relatively high
to begin with. A significant result, warranting both further discussion and exploration, is the
successful identification of the variables that maintain, or increase, physical activity in both
participants. While the conditions assessed did not significantly increase levels of physical
activity beyond those observed in a naturalistic baseline setting, this study provides potentially
valuable information about the conditions responsible for maintaining and increasing physical
activity in children with ASD.
Although the study was not able to address the question of whether stereotypy is
predictive of automatically reinforced MVPA, it is notable that the results provide further
(though preliminary) evidence of automatically reinforced physical activity. However, as
previously discussed, if the present methodology is only able to identify the reinforcers
maintaining ongoing low-to-moderate levels of MVPA, there is a question of whether this
functional analysis approach is ideally suited to produce socially significant increases in physical
activity. Future studies could further evaluate this hypothesis by designing physical activity
programs with a similar topography to the specific stereotypy that the participant engages in.
Then, they could evaluate if the child engages in physical activity by assessing the typical
conditions assessed in this study. If the participant engages in higher levels of physical activity
during the program specifically designed according to their stereotypy, Knerr’s (2020)
hypothesis could be accepted. Another future direction could be to investigate preference
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assessments, instead of FAs, with the purpose of offering different options of physical activity
that may or may not align with the topography of repetitive movement. Further investigation is
warranted in order to help clinicians, teachers, and other professionals design effective programs
to increase levels of physical activity.
This investigation, both by replicating and expanding upon several past studies,
demonstrated the effectiveness of an identified reinforcer in increasing levels of physical activity
of children that have ASD and engage in stereotypy. The present study provides additional
evidence supporting the hypothesis stated by Knerr (2020) regarding that the functions of
physical activity are likely idiosyncratic across subjects. This provides further information to
develop function-based interventions for effectively increasing physical activity in this
population. Additionally, this research partially replicated the study conducted by Larson et al.
(2014) by identifying an interactive play function in one of the participants. In contrast to these
prior investigations, this study was the first to assess the functional reinforcer for physical
activity in children that have ASD and engage in stereotypy. Also, the results of this study could
contribute to the literature by being one of the few that evaluate appropriate behavior with the
context of a functional analysis. This method serves as an intervention analysis to identify the
environmental variables necessary to increase or maintain a behavior.
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Figure 1

Percent Selected

Preference Assessment Results

Toys
Note. Preference assessment results for Kevin (top) and Susie (bottom). The toys are listed in
order of highest to lowest preferred according to percent selected.
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Figure 2

Percent of Session with MVPA

Results for Kevin and Susie Displaying Physical Activity across Conditions

Sessions

Note. BL, FA, and TX identify Baseline, Functional Analysis, and Treatment conditions,
respectively.
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Figure 3

Steps per Minute

Results for Kevin and Susie Displaying Steps Per Minute

Sessions
Note. Results for Kevin and Susie displaying data collected with pedometer and converted into a
rate of steps per minute.
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Appendix: Procedural Integrity Data Sheets

Subject: ___________________
Session Date: _______________

Session Time: ______________

Therapist:__________________

Tx Int Assessor: _____________

Incorrect delivery = any form of attention or interaction with the subject
with the exception of "I'm busy" or removing the pedometer

Baseline

Yes

Session takes place at the playground
Pedometer attached to subject's shoe with step count of
0
Session duration between 5:00-5:30
Pedometer data recorded at the end of session
Incorrect Delivery of Antecedents/Consequences
0:15
0:30
0:45
1:00
1:15
2:15
2:30
2:45
3:00
3:15
4:15

4:30

4:45

1:30
3:30

No

1:45
3:45

2:00
4:00

5:00

Subject: ___________________
Session Date: ______________ Session Time: _______________
Therapist:__________________ Tx Int Assessor: _____________
Incorrect delivery = interacting with subject (except "I'm busy") when subject is not engaging in MVPA
or failure to interact with subject within 10 s of MVPA.

Interactive Play

Yes

Session takes place at the playground
Pedometer attached to subject's shoe
with step count of 0
Session duration between 5:00-5:30
Pedometer data recorded at the end of
session
Incorrect Delivery of Antecedents/Consequences
0:15
0:30
0:45
1:00
1:15
2:15
2:30
2:45
3:00
3:15

1:30
3:30

4:15

4:30

4:45

5:00

No

1:45
3:45

2:00
4:00
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Subject: ___________________
Session Date: _____________ Session Time: _______________
Therapist:_________________ Tx Int Assessor: _____________
Incorrect delivery = delivery of praise or any form of attention (except "I'm busy") when subject is not
engaging in MVPA or failure to interact with subject within 10 s of MVPA.

Attention

Yes

Session takes place at the playground
Pedometer attached to subject's shoe
with step count of 0
Session duration between 5:00-5:30
Pedometer data recorded at the end of
session
Incorrect Delivery of Antecedents/Consequences
0:15
0:30
0:45
1:00
1:15
2:15
2:30
2:45
3:00
3:15
4:15

4:30

4:45

1:30
3:30

No

1:45
3:45

2:00
4:00

5:00

Subject: ___________________
Session Date: _____________ Session Time: _______________
Therapist:_________________ Tx Int Assessor: _____________
Incorrect delivery = not presenting demand when subject is not engaging in MVPA or failure to cease
demand from subject within 10 s of MVPA.

Escape

Yes

Session takes place at the playground
Pedometer attached to subject's shoe
with step count of 0
Session duration between 5:00-5:30
Pedometer data recorded at the end of
session
Incorrect Delivery of Antecedents/Consequences
0:15
0:30
0:45
1:00
1:15
1:30
2:15
2:30
2:45
3:00
3:15
3:30
4:15

4:30

4:45

5:00

No

1:45
3:45

2:00
4:00
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Subject: ___________________
Session Date: ______________ Session Time: _______________
Therapist:__________________ Tx Int Assessor: _____________
Incorrect delivery = any form of attention or interaction with the subject
with the exception of "I'm busy" or removing the pedometer

Ignore

Yes

Session takes place at the playground
Pedometer attached to subject's shoe
with step count of 0
Session duration between 5:00-5:30
Pedometer data recorded at the end of
session
Incorrect Delivery of Antecedents/Consequences
0:15
0:30
0:45
1:00
1:15
2:15
2:30
2:45
3:00
3:15
4:15

4:30

4:45

1:30
3:30

No

1:45
3:45

2:00
4:00

5:00

Subject: ___________________
Session Date: ______________ Session Time: _______________
Therapist:__________________ Tx Int Assessor: _____________
Incorrect delivery = 35 s passes without the delivery of attention, praise, or interaction.

Control

Yes

Session takes place at the playground
Pedometer attached to subject's shoe
with step count of 0
Session duration between 5:00-5:30
Pedometer data recorded at the end of
session
Incorrect Delivery of Antecedents/Consequences
0:15
0:30
0:45
1:00
1:15
2:15
2:30
2:45
3:00
3:15
4:15

4:30

4:45

5:00

1:30
3:30

No

1:45
3:45

2:00
4:00

